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WHY HAS CEO PAY INCREASED SO MUCH?∗
XAVIER GABAIX AND AUGUSTIN LANDIER
This paper develops a simple equilibrium model of CEO pay. CEOs have dif-
ferent talents and are matched to firms in a competitive assignment model. In
market equilibrium, a CEO’s pay depends on both the size of his firm and the
aggregate firm size. The model determines the level of CEO pay across firms and
over time, offering a benchmark for calibratable corporate finance. We find a very
small dispersion in CEO talent, which nonetheless justifies large pay differences.
In recent decades at least, the size of large firms explains many of the patterns in
CEO pay, across firms, over time, and between countries. In particular, in the base-
line specification of the model’s parameters, the sixfold increase of U.S. CEO pay
between 1980 and 2003 can be fully attributed to the sixfold increase in market
capitalization of large companies during that period.
I. INTRODUCTION
This paper proposes a simple competitive model of CEO com-
pensation. It is tractable and calibratable. CEOs have different
levels of managerial talent and are matched to firms competi-
tively. The marginal impact of a CEO’s talent is assumed to in-
crease with the value of the firm under his control. The model
generates testable predictions about CEO pay across firms, over
time, and between countries. Moreover, a benchmark specification
of the model proposes that the recent rise in CEO compensation
is an efficient equilibrium response to the increase in the market
value of firms, rather than resulting from agency issues.
In our equilibrium model, the best CEOs manage the largest
firms, as this maximizes their impact and economic efficiency. The
paper extends earlier work (e.g., Lucas [1978]; Rosen [1981, 1982,
1992]; Sattinger [1993]; Tervio [2003]) by drawing from extreme
value theory to obtain general functional forms for the distribution
of top talents. This allows us to solve for the variables of interest
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in closed form without loss of generality and to generate concrete
testable predictions.
Our central equation (equation (14)) predicts that a CEO’s
equilibrium pay is increasing with both the size of his firm and
the size of the average firm in the economy. Our model also sheds
light on cross-country differences in compensation. It predicts that
countries experiencing a lower rise in firm value than the United
States should also have experienced lower executive compensation
growth, which is consistent with European evidence (e.g., Abowd
and Bognanno [1995] and Conyon and Murphy [2000]). Our ten-
tative evidence (hampered by the inferior quality of international
compensation data) shows that a good fraction of cross-country
differences in the level of CEO compensation can be explained by
differences in firm size.1
Finally, we offer a calibration of the model, which could be
useful in guiding future quantitative models of corporate finance.
The main surprise is that the dispersion of CEO talent distribu-
tion appeared to be extremely small at the top. If we rank CEOs by
talent and replace the CEO number 250 by the number one CEO,
the value of his firm will increase by only 0.016%. These very
small differences in talent translate into considerable compensa-
tion differentials, as they are magnified by firm size. Indeed, the
same calibration delivers that CEO number 1 is paid over 500%
more than CEO number 250.
The main contribution of this paper is to develop a calibrat-
able equilibrium model of CEO compensation. A secondary con-
tribution is that the model allows for a quantitative explanation
for the rise in CEO pay since the 1970s. Our benchmark calibra-
tion delivers the following explanation. The sixfold increase in
CEO pay between 1980 and 2003 can be attributed to the sixfold
increase in market capitalization of large U.S. companies during
that period. When stock market valuations increase by 500%, un-
der constant returns to scale, CEO “productivity” increases by
500%, and equilibrium CEO pay increases by 500%. However,
other interpretations (discussed in Section V.E) are reasonable.
In particular, the model highlights contagion as another poten-
tial source of increased compensation. If a small fraction of firms
decides to pay more than the other firms (perhaps because of bad
1. This analysis applies only if one assumes national markets for executive
talent and not an integrated international market. The latter benchmark was
probably the correct one historically, but it is becoming less so over time.
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corporate governance), the pay of all CEOs can rise by a large
amount in general equilibrium.
We now explain how our theory relates to prior work. First
and foremost, this paper is in the spirit of Rosen (1981). We use ex-
treme value theory tomake analytical progress in the economics of
superstars. More recently, Tervio (2003) is the first paper to model
the determination of CEO pay levels as a competitive assignment
model between heterogeneous firms and CEOs, assuming away
incentive problems and any other market imperfections. Tervio
derives the classic (Sattinger 1993) assignment equation (5) in the
context of CEO markets and uses it to evaluate empirically the
surplus created by CEO talent. He quantifies the differences be-
tween top CEO talent in a way we detail in Section IV.B. Whereas
Tervio (2003) infers the distribution of talent from the observed
joint distribution of pay and market value, in the present paper,
we start by mixing extreme value theory, the literature on the
size distribution of firms, and the assignment approach to solve
for equilibrium CEO pay in closed form (Proposition 2).
The rise in executive compensation has triggered a large
amount of public controversy and academic research. Our em-
phasis on the rise of firm size as a potentially major explanatory
variable can be compared with the three types of economic ar-
guments that have been proposed to explain this phenomenon.
These three types of theories are based on interesting compara-
tive statics insights and contribute to our understanding of cross-
sectional variations in CEO pay and changes in the composition
of CEO compensation. Yet, when it comes to the time series of
CEO pay levels, it remains difficult to estimate what fraction of
the massive 500% real increase since the 1980s can be explained
by each of these theories, as their comparative statics insights are
not readily quantifiable. Our frictionless competitive model can
be viewed as a simple benchmark that could be integrated with
those earlier theories to obtain a fuller account of the evolution of
CEO pay.
The first explanation attributes the increase in CEO compen-
sation to the widespread adoption of compensation packages with
high-powered incentives since the late 1980s. Both academics and
shareholder activists have been pushing throughout the 1990s
for stronger and more market-based managerial incentives (e.g.,
Jensen and Murphy [1990]). According to Inderst and Mueller
(2005) andDow and Raposo (2005), higher incentives have become
optimal due to increased volatility in the business environment
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faced by firms. Accordingly, Cun˜at and Guadalupe (2005) doc-
ument a causal link between increased competition and higher
pay-for-performance sensitivity in U.S. CEO compensation.
In the presence of limited liability and/or risk aversion, in-
creasing performance sensitivity requires a rise in the dollar value
of compensation to maintain CEO participation. Holmstrom and
Kaplan (2001, 2003) link the rise of compensation value to the rise
in stock-based compensation following the “leveraged buyout rev-
olution” of the 1980s. This link between the level and the “slope”
of compensation has yet to be calibrated with the usual constant
relative risk aversion utility function.2 Higher incentives have
certainly played a role in the rise of average ex post executive
compensation, and it would be nice to know what fraction of the
rise in ex ante compensation of the highest paid CEOs they can
explain. In ongoing work (Edmans, Gabaix, and Landier 2007),
we extend the present model, providing a simple benchmark for
the pay-sensitivity estimates that have caused much academic
discussion (Jensen and Murphy 1990; Hall and Liebman 1998;
Murphy 1999; Bebchuk and Fried 2004).3
Following the wave of corporate scandals and the public fo-
cus on the limits of the U.S. corporate governance system, a
“skimming” view of CEO compensation has gained momentum
(Yermack 1997; Bertrand and Mullainathan 2001; Bebchuk and
Fried 2004; Kuhnen and Zwiebel 2006). The proponents of the
skimming view explain the rise of CEO compensation by an in-
crease in managerial entrenchment, or a loosening of social norms
against excessive pay. “When changing circumstances create an
opportunity to extract additional rents—either by changing out-
rage costs and constraints or by giving rise to a new means of
camouflage—managers will seek to take full advantage of it and
will push firms toward an equilibrium in which they can do so”
(Bebchuk, Fried, andWalker 2002). Stock-option plans are viewed
as a means by which CEOs can (inefficiently) increase their own
compensation under the camouflage of (efficiently) improving in-
centives, and thus without encountering shareholder resistance.
A milder form of the skimming view is expressed in Hall and
2. Gayle andMiller (2005) estimate a structural model of executive compensa-
tion under moral hazard, using a constant absolute risk aversion utility function.
3. Hence, in the present paper, we do not explain why the rise of CEO pay
has been mostly channelled through incentive pay. Only the total compensation is
determined in our benchmarkmodel, not its relative mix of fixed and incentive pay.
We defer the determination of that mix to Edmans, Gabaix, and Landier (2007).
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Murphy (2003) and Jensen, Murphy, and Wruck (2004). They at-
tribute the explosion in the level of stock-option pay to an inability
of boards to evaluate the true costs of this form of compensation.
These forces have almost certainly been at work, and they play
an important role in our understanding of the cross-section. They
are likely to be particularly relevant for the outliers in CEO com-
pensation, while our theory is one of the mean behavior in CEO
pay, rather than the outliers. As an explanation for the rise of CEO
compensation since the early 1980s, a literal understanding of the
skimming view would imply that the average U.S. CEO “steals”
about 80% of his compensation, a fraction that might seem im-
plausible. By modeling contagion effects across firms, our model
provides a natural benchmark to evaluate how much aggregate
CEO pay rises if a small fraction of firms pay an inflated compen-
sation to their CEOs.
A third type of explanation attributes the increase in CEO
compensation to changes in the nature of the CEO job itself.
Garicano and Rossi-Hansberg (2006) present a model where new
communication technologies change managerial function and pay.
Giannetti (2006) develops a model where more outside hires in-
crease CEO pay. Hermalin (2005) argues that the rise in CEO
compensation reflects tighter corporate governance. To compen-
sate CEOs for the increased likelihood of being fired, their pay
must increase. Finally, Frydman (2005) andMurphy and Zabojnik
(2004) provide evidence that CEO jobs have increasingly placed
a greater emphasis on general rather than firm-specific skills.
Kaplan and Rauh (2006) find that the increase in pay has been
systemic at the top end, likely because of changes in technology.
Such a trend increases CEOs’ outside options, putting upward
pressure on pay.
Perhaps closest in spirit to our paper is Himmelberg andHub-
bard (2000), who note that aggregate shocks might jointly explain
the rise in stock-market valuations and the level of CEO pay. How-
ever, their theory focuses on pay-for-performance sensitivity, and
the level of CEO compensation is not derived as an equilibrium.
By abstracting from incentive considerations, we are able to offer
a tractable, fully solvable model.
Our paper connects with several other literatures. One recent
strand of research studies the evolution of top incomes in many
countries and over long periods (e.g., Piketty and Saez [2006]). Our
theory offers oneway tomake predictions about top incomes. It can
be enriched by studying the dispersion in CEO pay caused by the
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dispersion in the realized value of options, which we suspect is a
key to understanding the very large increase in income inequality
at the top recently observed in several countries.4
The basic model is in Section II. Section III presents empir-
ical evidence and is broadly supportive of the model. Section IV
proposes a calibration of the quantities used in the model. Even
though the dispersion in CEO talent is very small, it is sufficient
to explain large cross-sectional differences in compensation. Sec-
tion V presents various theoretical extensions of the basic model,
in particular “contagion effects.” Section VI concludes.
II. BASIC MODEL
II.A. A Simple Assignment Framework
There is a continuum of firms and potential managers. Firm
n ∈ [0, N] has size S(n) and manager m ∈ [0, N] has talent T (m).5
As explained later, size can be interpreted as earnings or market
capitalization. Low n denotes a larger firm and low m a more
talentedmanager: S′(n) < 0, T ′(m) < 0. In equilibrium, amanager
of talent T receives total compensation of W(T ). There is a mass
n of managers and firms in the interval [0, n], so that n can be
understood as the rank of the manager, or a number proportional
to it, such as its quantile of rank.
We consider the problem faced by a particular firm. The firm
has “baseline” earnings of a0. At t = 0, it hires a manager of talent
T for one period. The manager’s talent T increases the firm’s
earnings according to
(1) a1 = a0(1 + C × T )
for some C > 0, which quantifies the effect of talent on earnings.
We consider two polar cases.
First, suppose that the CEO’s actions at date 0 impact earn-
ings only in period 1. The firm’s earnings are (a1, a0, a0, . . .). The
firm chooses the optimal talent for its CEO, T , by next period’s
earnings, net of the CEO wage W(T ):
max
T
a0
1 + r (1 + C × T ) − W(T ).
4. The present paper simply studies the ex ante compensation of CEOs, not
the dispersion due to realized returns.
5. By talent, we mean the expected talent, given the track record and charac-
teristics of the manager.
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Alternatively, suppose that the CEO’s actions at date 0 impact
earnings permanently. The firm’s earnings are (a1, a1, a1, . . .). The
firm chooses the optimal talent CEO T to maximize the present
value of earnings, discounted at the discount rate r, net of the
CEO wage W(T ):
max
T
a0
r
(1 + C × T ) − W(T ).
The two programs can be rewritten as
(2) max
T
S + S × C × T − W(T ).
If CEO actions have a temporary impact, S = a0/(1 + r). If
the impact is permanent, S = a0/r. We can already anticipate the
empirical proxies for S. In the “temporary impact” version, S can
be proxied by the earnings. In the “permanent impact” case, S
can be proxied by the full market capitalization (value of debt
plus equity) of the firm.6 Section III.A will conclude that “market
capitalization” is the best proxy for firm size. In any case, the
empirical interpretation of S does not matter for our theoretical
results.
Specification (1) can be generalized. For instance, CEO impact
could be modeled as a1 = a0 + Caγ0 T + independent factors, for a
nonnegative γ .7 If large firms are more difficult to change than
small firms, then γ < 1. Decision problem (2) becomes amaximiza-
tion of the increase in firm value due to CEO impact, Sγ × C × T ,
minus CEO wage, W(T ):
(3) max
T
S + Sγ × C × T − W(T ).
6. In a dynamic extension of the model with permanent CEO impact, the
online Appendix to this paper gives a formal justification for approximating S by
the market capitalization. The idea is that a talent of T increases by a fraction
CT all future earnings, hence their net present value. The net present value is
close to the market capitalization of the firm, if not identical to it, the difference
being made by the wages of future CEOs. For the top 500 firms, CEO pay is small
compared to earnings, about 0.5% of earnings in the 1992–2003 era. This differs
from the estimate of Bebchuk and Grinstein (2005). The reason is that Bebchuk
and Grinstein include small firms with no earnings, and they use net income, not
earnings before interest and taxes (EBIT).
7. As discussed by Shleifer (2004), another interpretation of CEO talent is
ability to affect the market’s perception of the earnings (e.g., the P/E ratio) rather
than fundamentals. Hence, in stock market booms, if investors are overoptimistic
in the aggregate,C can be higher. See alsoMalmendier and Tate (2005) and Bolton,
Scheinkman, and Xiong (2006).
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If γ = 1, CEO impact exhibits constant returns to scale with
respect to firm size. Constant returns to scale is a natural a
priori benchmark, owing to empirical support in estimations of
both firm-level and country-level production functions.8 Similarly,
Section III.B yields an empirical estimate consistent with γ = 1.
In our analysis, though, we keep a general γ .
We now turn to the determination of equilibrium wages,
which requires us to allocate one CEO to each firm. We call w(m)
the equilibrium compensation of a CEOwith index m. Firm n, tak-
ing the compensation of each CEO as given, picks the potential
manager m to maximize net impact:
(4) max
m
CS(n)γ T (m) − w(m).
Formally, a competitive equilibrium consists of
i. a compensation function W(T ), which specifies the mar-
ket pay of a CEO of talent T , and
ii. an assignment function M(n), which specifies the index
m = M(n) of the CEO heading firm n in equilibrium,
such that
iii. each firm chooses its CEO optimally: M(n) ∈
argmaxm CS(n)γ T (m) − W(T (m)), and
iv. the CEO market clears, that is each firm gets a CEO
(formally, with µCEO the measure on the set of potential
CEOs, and µFirms the measure of set of firms, we have, for
anymeasurable subset a of firms,µCEO(M(a)) = µFirms(a)).
By standard arguments, an equilibrium exists.9 To solve
for the equilibrium, we first observe that, by the usual argu-
ments, any competitive equilibrium is efficient, that is, maximizes∫
S(n)γ T (M(n))dn, subject to the resource constraint. Second,
any efficient equilibrium involves positive assortative match-
ing. Indeed, if there are two firms with size S1 > S2 and two
CEOs with talents T1 > T2, the net surplus is higher by mak-
ing CEO 1 head firm 1, and CEO 2 head firm 2. Formally, this
8. The manager’s impact admits the following microfoundation. The firm is
the monopolist for one of the goods in an economy where the representative con-
sumer has a Dixit–Stiglitz utility function. A manager of talent T increases the
firm’s productivity (temporarily or permanently) by T%. This translates into an
increase in earnings proportional to T%. That yields a microfoundation for γ = 1.
A microfoundation for γ < 1 is that a manager of talent T increases the produc-
tivity A of a firm from A to A+ cAγ T , for some constant c. Finally a manager can
improve the productivity of only one line of production (“firm”) at a time. Hence,
there is no incentive to do mergers.
9. Hence, one can define w(m) = W (T (m)).
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is expressed as Sγ1 T1 + Sγ2 T2 > Sγ1 T2 + Sγ2 T1, which comes from
(Sγ1 − Sγ2 )(T1 − T2) > 0. We conclude that in the competitive equi-
librium there is positive assortative matching so that CEO num-
ber n heads firm number n (M(n) = n).
Equation (4) gives CS(n)γ T ′(m) = w′(m). As in equilibrium
there is associative matching: m = n,
(5) w′(n) = CS(n)γ T ′(n),
that is, the marginal cost of a slightly better CEO, w′(n), is equal
to the marginal benefit of that slightly better CEO, CS(n)γ T ′(n).
Equation (5) is a classic assignment equation (Sattinger 1993;
Teulings 1995) and, to the best of our knowledge, was first used by
Tervio (2003) in the CEOmarket. Our key theoretical contribution
is to actually solve for that classic equation (5) and obtain the dual
scaling equation (14).
Call w(N) the reservation wage of the least talented CEO
(n = N):10
(6) w(n) = −
∫ N
n
CS(u)γ T ′(u)du + w(N).
Specific functional forms are required to proceed further. We
assume a Pareto firm size distribution with exponent 1/α:
(7) S(n) = An−α.
This fits the data reasonably well with α  1, a Zipf ’s law. See
Section IV and Gabaix (1999, 2006), Axtell (2001), and Luttmer
(2007) for evidence and theory on Zipf ’s law for firms.11
Using equation (6) requires knowing T ′(u), the spacings of
the talent distribution.12 As it seems hard to have any confidence
about the distribution of talent, or even worse, its spacings, one
might think that the situation is hopeless. Fortunately, Section
II.B shows that extreme value theory gives a definite prediction
about the functional form of T ′(u).
10. Normalizing w(N) = 0 does not change the results in the paper.
11. In this paper, we take the firm size distribution as exogenous. We imagine
that it comes from some sort of random growth process, a` la Simon (1955), Gabaix
(1999), and Luttmer (2007). Another tradition (Lucas 1978) takes CEO talent as
exogenous and determines optimally the firms’ sizes as a complement to CEO
talent. Unfortunately, this approach typically predicts a counterfactual size-pay
elasticity—see footnote 18. Also, it cannot explain why Zipf ’s law would hold.
12. We call T ′(n) the spacing of the talent distribution because the difference of
talent between the CEO of rank n+ dnand the CEO of rank n is T (n+ dn) − T (n) =
T ′(n)dn.
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II.B. The Talent Spacings at the Top: An Insight from Extreme
Value Theory
Extreme value theory shows that, for all “regular” continuous
distributions, a large class that includes all standard distributions
(including uniform, Gaussian, exponential, lognormal, Weibull,
Gumbel, Fre´chet, and Pareto), there exist some constants β and
B such that the following equation holds for the spacings in the
upper tail of the talent distribution (i.e., for small n):
(8) T ′(x) = −Bxβ−1.
Depending on assumptions, this equation may hold exactly, or up
to a “slowly varying” function as explained later. The charm of (8)
is that it gives us some reason to expect a specific functional form
for the T ′(x), thereby allowing us to solve (6) in closed forms and
derive economic predictions from it.
Of course, our justification via extreme value theory remains
theoretical. Ultimately, the merit of functional form (8) should
be evaluated empirically. However, examining the specific empir-
ical domain in which (8) holds is beyond the scope of this paper.
Given that conclusions derived from it will hold reasonably well
empirically, one can provisionally infer that (8) might indeed hold
respectably well in the domain of interest, namely, the CEO of the
top 1000 firms in a population of millions of CEOs.
The rest of this subsection is devoted to explaining (8) but
can be skipped in a first reading. We adapt the presentation from
Gabaix, Laibson, and Li (2005) and recommend Resnick (1987)
and Embrechts et al. (1997) for a textbook treatment.13 The fol-
lowing two definitions specify the key concepts.
DEFINITION 1. A function L defined in a right neighborhood of 0 is
slowly varying if ∀u > 0, limx→0+ L(ux)/L(x) = 1.
Prototypical examples include L(x) = a or L(x) = a ln 1/x for
a constant a. If L is slowly varying, it varies more slowly than any
power law xε, for any nonzero ε.
DEFINITION 2. The cumulative distribution function F is regular
if f is differentiable in a neighborhood of the upper bound of
its support, M ∈ R ∪ {+∞}, and the following tail index ξ of
13. Recent papers using concepts from extreme value theory include Gabaix
et al. (2003, 2006), Benhabib and Bisin (2006), and Ibragimov, Jaffee, and Walden
(forthcoming).
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distribution F exists and is finite:
(9) ξ = lim
t→M
d
dt
1 − F(t)
f (t)
.
We refer the reader to Embrechts et al. (1997, pp. 153–157)
for the following fact.
FACT 1. The following distributions are regular in the sense
of Definition 2: uniform (ξ = −1), Weibull (ξ < 0), Pareto,
Fre´chet (ξ > 0 for both), Gaussian, lognormal, Gumbel, log-
normal, exponential, stretched exponential, and loggamma
(ξ = 0 for all).
Fact 1 means that essentially all continuous distributions
usually used in economics are regular. In what follows, we denote
F(t) = 1 − F(t). ξ indexes the fatness of the distribution, with a
higher ξ meaning a fatter tail.
ξ < 0 means that the distribution’s support has a finite upper
bound M, and for t in a left neighborhood of M, the distribution
behaves as F(t) ∼ (M − t)−1/ξ L(M − t). This is the case that will
turn out to be relevant for CEO distributions. ξ > 0 means that
the distribution is “in the domain of attraction” of the Fre´chet
distribution, that is, behaves like a Pareto: F(t) ∼ t−1/ξ L(1/t) for
t → ∞. Finally, ξ = 0 means that the distribution is in the do-
main of attraction of the Gumbel. This includes the Gaussian,
exponential, lognormal, and Gumbel distributions.
Let the random variable T˜ denote talent, F its coun-
tercumulative distribution, F(t) = P(T˜ > t), and f (t) = −F ′(t)
its density. Call x the corresponding upper quantile, that is,
x = P(T˜ > t) = F(t). The talent of a CEO at the top xth upper
quantile of the talent distribution is the function T (x) = F−1(x),
and therefore the derivative is
(10) T ′(x) = −1/ f (F−1(x)).
Equation (8) is the simplified expression of the following
Proposition, whose proof is in Appendix II.
PROPOSITION 1 (Universal Functional Form of the Spacings be-
tween Talents). For any regular distribution with tail index
−β, there are a B > 0 and a slowly varying function L such
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that
(11) T ′(x) = −Bxβ−1L(x).
In particular, for any ε > 0, there exists an x1 such that, for
x ∈ (0, x1), Bxβ−1+ε ≤ −T ′(x) ≤ Bxβ−1−ε.
We conclude that (8) should be considered a very general func-
tional form, satisfied, to a first degree of approximation, by any
usual distribution. In the language of extreme value theory, −β
is the tail index of the distribution of talents, whereas α is the
tail index of the distribution of firm sizes. Gabaix, Laibson, and Li
(2005, Table 1) show the tail indices of many usual distributions.
Equation (8) allows us to be specific about the functional form
of T ′(x), at very low cost in generality, and go beyond prior liter-
ature. Appendix II contains the proof of Proposition 1, and shows
that in many cases, the slowly varying function L is actually a
constant.14
From Section II.C onward, we will consider the case where
equation (8) holds exactly, that is, L(x) is a constant. When L(x) is
simply a slowly varying function, the propositions below hold up
to a slowly varying function; that is, the right-hand side should
be multiplied by slowly varying functions of the inverse of firm
size (Proposition 6 in Appendix II formalizes this claim). Such
corrections would significantly complicate the exposition without
materially affecting the predictions.
II.C. Implications for CEO Pay
Using the functional form (8), we can now solve for CEO
wages. Equations (6), (7), and (8) imply
w(n) =
∫ N
n
Aγ BCu−αγ+β−1du + w(N)
= A
γ BC
αγ − β
[
n−(αγ−β) − N−(αγ−β)]+ w(N).(12)
In what follows, we focus on the case αγ > β.15
14. If x is not the quantile, but a linear transform of it (̂x = λx, for a pos-
itive constant λ), then Proposition 1 still applies: the new talent function is
T (̂x) = F−1(̂x/λ), and T ′ (̂x) = −[λ f (F−1(̂x/λ))]−1.
15. If αγ < β, equation (12) shows that CEO compensation has zero elasticity
with respect to n for small n, so that it has zero elasticity with respect to firm size.
Given that empirical elasticities are significantly positive, we view the relevant
case to be αγ > β.
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We consider the domain of very large firms, that is, take the
limit n/N → 0. In equation (12), the term n−(αγ−β) becomes very
large compared to N−(αγ−β) and w(N), and16
(13) w(n) = A
γ BC
αγ − β n
−(αγ−β),
a limit result that is formally derived in Appendix II. A Rosen
(1981) “superstar” effect holds. If β > 0, the talent distribution has
an upper bound, but wages are unbounded, as the best managers
are paired with the largest firms, which makes their talent very
valuable and gives them a high level of compensation.
To interpret equation (13), we consider a reference firm, for
instance firm number 250—the median firm in the universe of the
top 500 firms.17 Call its index n∗ and its size S(n∗). We obtain the
following proposition.
PROPOSITION 2 (Level of CEO Pay in the Market Equilibrium).
Let n∗ denote the index of a reference firm—for instance,
the 250th largest firm. In equilibrium, for large firms (small
n), the manager of index n runs a firm of size S(n), and is
paid
(14) w(n) = D(n∗)S(n∗)β/αS(n)γ−β/α
(which we call the “dual scaling equation”), where S(n∗) is the
size of the reference firm and
(15) D(n∗) = −Cn∗T
′(n∗)
αγ − β
16. This means that, when considering the upper tail of CEO talent, pay
becomes very large compared to the outside wage w(N) of the worst candidate
CEO in the economy.
17. The paper’s conclusions are not materially sensitive to this choice of firm
number 250 as the reference firm. Also, we present the results this way, rather
than as a function of, say, a mean firm size because of Zipf ’s law. The median firm
size (or the firm size at any quantile) is well defined, but the average firm size is,
mathematically speaking, borderline infinite when α = 1, and is mathematically
infinite when α > 1.
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is independent of the firm’s size. In particular, the compensa-
tion in the reference firm is
(16) w(n∗) = D(n∗)S(n∗)γ .
Proof. As S = An−α, S(n∗) = An−α∗ , n∗T ′(n∗) = −Bnβ∗ , we can
rewrite equation (13),
(αγ − β)w(n) = Aγ BCn−(αγ−β) = CBnβ∗ · (An−α∗ )β/α · (An−α)(γ−β/α)
= −Cn∗T ′ (n∗) S(n∗)β/αS(n)γ−β/α.
COROLLARY 1. Proposition 2 implies the following:
1. Cross-sectional prediction. In a given year, the compensa-
tion of a CEO is proportional to the size of his firm size to
the power γ − β/α, S(n∗)γ−β/α.
2. Time-series prediction. When the size of all large firms
is multiplied by λ, the compensation at all large firms is
multiplied by λγ . In particular, the pay at the reference
firm is proportional to S(n∗)γ .
3. Cross-country prediction. Suppose that CEO labor mar-
kets are national rather than integrated. For a given firm
size S, CEO compensation varies across countries, with
the market capitalization of the reference firm, S(n∗)β/α,
using the same rank n∗ of the reference firm across
countries.
Cross-Sectional Prediction. The first prediction is cross-
sectional. Starting with Roberts (1956), many empirical studies
(e.g., Cosh [1975]; Baker, Jensen, and Murphy [1988]; Barro and
Barro [1990]; Kostiuk [1990]; Rosen [1992]; Joskow, Rose and
Shepard [1993]; Rose and Shepard [1997]; Frydman and Saks
[2005]) document that CEO compensation increases as a power
function of firm size w ∼ Sκ , in the cross section. Baker, Jensen,
and Murphy (1988, p. 609) call it “the best documented empir-
ical regularity regarding levels of executive compensation.” We
propose to name this regularity “Roberts’s law” and display it for
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future reference:18
Roberts’s law for the cross section:
CEO compensation is proportional to (own firm size)κ .(17)
A typical empirical exponent is κ  1/3.19 Equation (14) pre-
dicts Roberts’s law, with an exponent κ = γ − β/α.20 Section IV
will conclude that the evidence suggests α  1, γ  1 and β  2/3.
Time-Series Prediction. The second prediction concerns the
time series. The dual scaling equation (14) predicts that average
wages depend on the size of the reference firm to the power γ ,
S(n∗)γ . Suppose that in a given time period, firm sizes are multi-
plied by 2 (in equation (7), A is multiplied by 2), and none of the
other parameters change. Then S(n∗) is multiplied by 2, and at
a typical firm, S(n) is also multiplied by 2. As a result, the wage
w(n) is also multiplied by 2γ . With γ = 1, the model predicts that
CEO pay should increase by a factor of 2.
18. Obtaining from natural assumptions a Roberts’s law with κ < 1 is not
easy. Sattinger (1993, p. 849) presents a model with a lognormal distribution of
capital and talents that predicts a Roberts’s law with κ = 1. The celebrated Lucas
(1978) model predicts κ = 1 in (17); that is, counterfactually, it predicts that pay is
proportional to size, at least when the production function is Cobb–Douglas in the
upper tail, as shown by Prescott (2003). One can see this in the following simplified
version of Lucas’ model. A CEO with talent T becomes equipped with capital to
create a firm. The optimal amount of capital around a CEO of talent T solves
maxK TK
1−α − rK, where the production is TKα , with α ∈ (0, 1), and the cost of
capital r. The solution is K ∝ T 1/α , the size of the firm (output) is TK1−α ∝ T 1/α ,
and the CEO pay (the surplus maxK TK
1−α − rK) is also ∝ T 1/α . Hence, CEO pay
is proportional to firm size; that is, Lucas’ model predicts a Roberts’s law with
κ = 1. Rosen’s (1982) hierarchical model can, however, generate any κ.
19. As the empirical measures of size may be different from the true measure
of size, the empirical κ may be biased downward, though it is unclear how large
the bias is. In the extension in Section V.A, there is no downward bias. Indeed,
suppose that the effective size is S′i = Ci Si , so that lnwi = κ(lnCi + ln Si) + a for
a constant a. If Ci and Si are independent, regressing lnwi = κ̂ ln Si + Awill still
yield an unbiased estimate of κ.
20. κ obeys the following intuitive comparative statics. κ increases with γ
simply because firm size matters more for CEO productivity when γ is high
(equation (3)). κ increases in α because a fatter-tailed firm size distribution (a
higher α) makes superior talent more valuable. Next, observe that when β is
higher, the distribution of talent is more uniform. Indeed uniform distribution of
talent has β = 1, a Gaussian distribution has β = 0 (Appendix II). When talent is
more uniform, there is less difference between individuals as one moves up the
distribution (−T ′(n)  Bnβ−1 varies less with n). Then, because wage differentials
are proportional to talent differentials, wages depend less on a CEO’s quantile of
talent; hence, they depend less on a CEO’s firm size. Hence, the size-pay elasticity
κ is small. To sum up the reasoning, the pay-size elasticity κ decreases in β be-
cause when talents are more uniform, talent differentials and, hence, wages are
less sensitive to rank and, hence, to firm size.
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This effect is very robust. Suppose all firm sizes S double. In
equation (6), the right-hand side is multiplied by 2γ . Hence (when
the outside option w(N) of the worse manager is small compared
to the pay of top managers), the wages, on the left-hand side,
are multiplied by 2γ . The reason is the shift in the willingness of
top firms to pay for top talent. If wages did not change, all firms
would want to hire more talented CEOs, which would not be an
equilibrium. To make firms content with their CEOs, CEO wages
need to increase, by a factor of 2γ .
The fact that the reference size S(n∗) enters into the dual
scaling equation (14) is the signature of a market equilibrium.
The pay of a CEO depends not only on his own talent, but also on
the aggregate demand for CEO talent, which is captured by the
reference firm.
The contrast between the cross-sectional and time-series
predictions should be emphasized.21 Empirical studies on the
cross-sectional link between compensation and size (17) suggest
κ  1/3. Therefore, one might be tempted to conclude that, if all
top firm sizes increase by a factor of 6, average compensation
should be multiplied by 6κ  1.8. However, and perhaps surpris-
ingly, in equilibrium, the time series effect is actually an increase
in compensation by a factor of 6 (if γ = 1).
Cross-Country Prediction. Third, the model predicts that
CEOs heading similar firms in different countries will earn dif-
ferent salaries.22 Suppose that the size S(n∗) of the 250th Ger-
man firm is λ times smaller than the size of the 250th U.S. firm
(λ = SUS(n∗)/SGermany(n∗)); the distribution of talent of the top, say,
10,000 executives is the same; and the German and U.S. executive
markets are segmented. Then, according to equation (14), not con-
trolling for firm size, the salary of the top 500 U.S. CEOs should
be λ times as high as the salary of the top 500 German CEOs.
Controlling for firm size, the salary of the U.S. CEO should be
λβ/α times as high as that of a German CEO running a firm of the
same size. The reason is that, in the U.S. market, bigger firms bid
21. Sattinger (1993) illustrates this contrast qualitatively in assignment
models.
22. Section V.D discusses the potential impact of country size on the tal-
ent distribution at the top. In the present analysis, we assume for simplicity an
identical distribution of top talents across the countries compared in the thought
experiment, for example, identically sized countries.
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for the talent of the executive; hence, his market compensation is
higher than in Germany.
Additional Remarks. A direct implication of Proposition 2 is
that the level of compensation should be sensitive to aggregate
performance, as it affects the demand for CEO talent. In addition,
CEOs are paid based on their expected marginal product, with-
out necessarily any link with their ex post performance. In ongo-
ing work, we extend the model to incorporate incentive problems.
Proposition 2 still holds for the expected value of the compensa-
tion. In this extension, incentives may change the variability of
the pay but not its expected value.
While our model predicts an equilibrium link between pay
and size, it does not imply that a CEO would have an incentive to
increase the size of his company, for instance through acquisitions.
His talent, as perceived by the market, determines his pay, but
the size of the company he heads does not directly determine his
pay.
III. SOME EMPIRICAL EVIDENCE
The central message of the paper is the dual scaling equation
(14). We evaluate this prediction empirically. We start by asking
what is the best proxy for “firm size” and conclude that the firm’s
market capitalization (value of debt plus equity) is a better proxy
in our sample. We then evaluate the model, using different data
sets. We start with very high-quality disaggregated data, then go
to progressively less ideal data.
III.A. What Is the Best Proxy for Firm “Size”?
What is the most natural empirical proxy for firm size? We
have seen in our simple model that if the contribution of a CEO’s
talent to the firm’s future earnings is permanent, the firm’s total
market value is an appropriate size proxy to predict compensation,
whereas earnings is more relevant if the CEO has only a tempo-
rary impact. Here, we take a theoretically agnostic approach on
this matter by letting the data speak. We select the 1,000 highest
paid CEOs in each given year in the ExecuComp data (1992–2004)
and investigate what firm size proxy has the highest predictive
power on their compensation.
We consider three possible candidates for firm size: the firm’s
total market value (debt plus equity), earnings before interest and
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TABLE I
CEO PAY AND DIFFERENT PROXIES FOR FIRM SIZE
ln(Total compensation)
(1) (2) (3) (4)
ln(Market cap) 0.34 0.27
(0.021) (0.008)
(0.021) (0.012)
ln(Income) 0.006 0.22
(0.0138) (0.008)
(0.0149) (0.009)
ln(Sales) −0.08 0.21
(0.018) (0.008)
(0.020) (0.014)
Year fixed effects Yes Yes Yes Yes
Industry fixed effects Yes Yes Yes Yes
Observations 9,777 9,777 9,777 9,777
R2 0.498 0.494 0.455 0.439
Explanation. We use ExecuComp data (1992–2004) and select for each year the 1,000 highest-paid CEOs,
using the total compensation variable TDC1 at year t, which includes salary, bonus, restricted stock granted,
and Black–Scholes value of stock-options granted. We regress the log of total compensation of the CEO
in year t on the log of the firm’s size proxies in year t − 1. All nominal quantities are converted to 2000
dollars using the GDP deflator of the Bureau of Economic Analysis. The industries are the Fama–French
(1997) 48 sectors. To retrieve firm size information at year t − 1, we use Compustat Annual. The formula
we use for total firm value (debt plus equity) is (data199*abs(data25)+data6-data60-data74). Income is
measured as earnings before interest and taxes (EBIT), defined from Compustat as (data13-data14), and sales
is measured as data12. We report standard errors clustered at the firm level (first line) and at the year level
(second line).
taxes (EBIT), and sales. We regress the logarithms of CEO com-
pensation for our sample of highly paid CEOs on the logarithms
of these size proxies, controlling for year and industry. We include
year dummies to make sure time series effects do not drive the
results.
The picture that emerges in Table I is not ambiguous: The
firm’s total market value is the only size proxy that has a pos-
itive significant coefficient, when putting the three proxies to-
gether in the regression (column (1)). It is also the one with
the highest predictive power, when used alone to predict com-
pensation (columns (2)–(4)). For this reason, in the remainder of
the text, we will use the firm’s total market value as our size
proxy.23
23. Of course, it is conceivable that in other times and places, other proxies
might be more appropriate. Some cultures may think that the stock market is
too noisy a variable and that accounting variables, such as earnings or sales, are
better metrics.
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III.B. Panel Evidence for the United States, 1992–2004
Evaluating the Dual Scaling Equation (14). Based on U.S.
panel evidence, we now bring the model to the data using both
cross-sectional and time-series dimensions. We use the Execu-
Comp data set (1992–2004), from which we retrieve information
on CEO compensation packages. We use ExecuComp’s total com-
pensation variable, TDC1, which includes salary, bonus, restricted
stock granted, and Black–Scholes value of stock options granted.
Using Compustat, we retrieve firm size information and select
each year the top n = 500 and 1,000 companies in total firm value
(book value of debt plus equity market capitalization). We com-
pute ourmeasure of representative firm size Sn∗,t from this sample
as the value of the firm number n∗ = 250 in our sample. We con-
vert all nominal quantities into constant 2000 dollars, using as a
measure of the price level the GDP deflator from the Bureau of
Economic Analysis.
Consider company number i in year t. We call Si,t its size and
wi,t the level of compensation of its CEO. Proposition 2 predicts
that
(18) ln(wi,t+1) = ln D∗i +
β
α
ln(Sn∗,t) +
(
γ − β
α
)
ln(Si,t),
where the constant D∗i may depend on firm characteristics.
24 We
therefore regress compensation in year t + 1 on the size charac-
teristics of firms as reported at the end of their fiscal year t. This
lag ensures that our size measure is not observed after the deter-
mination of CEO pay. In Table II, we perform three estimations of
equation (18). First, assuming that the sensitivity of performance
to talent (C) does not vary much across firms (D∗i = D), we can
run the following cross-sectional regression:
ln(wi,t+1) = d + e × ln(Sn∗,t) + f × ln(Si,t).
Weprovide estimates of the coefficients of this OLS regression
with t-stats clustered either at the year level or at the firm level,
as the same firm might appear for several years.
Second, we allow the performance impact of talent C to vary
across industry.25 We therefore include industry fixed effects,
24. Equation (25) gives the microfoundation for the term Di in this regression.
25. Each industry might have a different talent impact factor C, and there-
fore a different constant term in regression (18). Proposition 3 offers a formal
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TABLE II
PANEL EVIDENCE: CEO PAY, OWN FIRM SIZE, AND REFERENCE FIRM SIZE
ln(Total compensation)
(1) (2) (3) (4) (5) (6) (7) (8)
Top 1000 Top 500
ln(Market cap) 0.37 0.37 0.37 0.26 0.38 0.32 0.33 0.23
(0.022) (0.020) (0.026) (0.056) (0.039) (0.039) (0.043) (0.074)
(0.016) (0.015) (0.015) (0.043) (0.020) (0.019) (0.026) (0.057)
ln(Market cap of 0.72 0.66 0.68 0.78 0.73 0.73 0.74 0.84
firm #250) (0.053) (0.054) (0.060) (0.052) (0.084) (0.085) (0.094) (0.080)
(0.066) (0.064) (0.061) (0.083) (0.089) (0.088) (0.081) (0.11)
GIM governance 0.022 0.023
index (0.010) (0.016)
(0.003) (0.007)
Industry fixed No Yes Yes No No Yes Yes No
effects
Firm fixed No No No Yes No No No Yes
effects
Observations 7,936 7,936 6,393 7,936 4,156 4,156 3,474 4,156
R2 0.23 0.29 0.32 0.60 0.20 0.29 0.32 0.63
Explanation. We use Compustat to retrieve firm size information at year t − 1. We select each year the
top n (n = 500, 1,000) largest firms (in term of total market firm value, i.e., debt plus equity). The formula we
use for total firm value is (data199*abs(data25)+data6-data60-data74). We then merge with ExecuComp data
(1992–2004) and use the total compensation variable, TDC1 at year t, which includes salary, bonus, restricted
stock granted and Black–Scholes value of stock options granted. All nominal quantities are converted into
2000 dollars using the GDP deflator of the Bureau of Economic Analysis. The industries are the Fama–French
(1997) 48 sectors. The GIM governance index is the firm-level average of the Gomper–Ishi–Metrick (2003)
measure of shareholder rights and takeover defenses over 1992–2004 at year t − 1. A high GIM means poor
corporate governance. The standard deviation of the GIM index is 2.6 for the top 1000 firms. We regress the
log of total compensation of the CEO in year t on the log of the firm value (debt plus equity) in year t − 1,
and the log of the 250th firm market value in year t − 1. We report standard errors clustered at the firm level
(first line) and at the year level (second line).
using the Fama and French (1997) 48-industry classification.
(19) ln(wi,t+1) = dIndustry of firm i + e × ln(Sn∗,t) + f × ln(Si,t).
Third, we allow for firm fixed effects, allowing the perfor-
mance impact of talent to be firm-specific.
In this regression, e is an estimate of β/α, f is an estimate
of γ − β/α, and therefore e + f estimates γ. From prior research,
a plausible null hypothesis is that γ = 1, that is, constant re-
turns to scale in the CEO production function. Indeed, constant
returns to scale is the assumption that works most of the time
in calibrated macroeconomics. Furthermore, in recent models of
justification for including an industry fixed effect, or a firm effect, if different
industries of firms have a different C.
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the firm designed to accommodate Zipf ’s law, constant returns to
scale and a unit root in the growth process of firm size are cen-
tral (Luttmer 2007). Constant returns to scale in CEO talent and
permanent impact of CEO talent (which leads us to use market
capitalization for the proxy of firm size) are a natural counterpart
of that. In this section and the next one we investigate the null
hypothesis of γ = 1.26
The results, reported in Table II, are consistent with our the-
ory: Columns (1)–(4) report results on the top 1,000 largest firms.
Column (1) is our baseline regression, column (2) includes in-
dustry fixed effects, and column (4) includes firm fixed effects.
Columns (5)–(8) provide the same regression results on the top
500 firms. For all specifications, both aggregate firm size and in-
dividual firm size appear to be strongly significant determinants
of CEO compensation.
Moreover, the data support the constant-returns-to-scale
benchmark for the CEO production function, γ = 1. In all the
specifications of Table II, the p values for the null hypothesis that
e + f = 1 ( i.e., a value γ = 1) are all above .05. They range from
.08 to .62. There is nothing mechanical that would force the es-
timate of γ to be close to 1. We conclude that the panel evidence
is consistent with a null hypothesis of γ = 1, that is, constant
returns to scale in firm size.
The various specifications support the prior literature on
Roberts’s law (reviewed above), a cross-sectional elasticity of CEO
pay to firm size e  1/3. So, in terms of the model’s parameters,
this means β/α  2/3.
Even though we are clustering at the year level, one might
be concerned by the absence of time fixed effects in our base-
line regression. As a robustness check, we perform a two-step
estimation: First, we include year dummies without putting the
reference size in the regressors, that is, estimate ln(wi,t+1) =
d + f × ln(Si,t) + ηt + uit. Second, we regress the year dummy coef-
ficient on the reference size, that is, estimate ηt = e × ln(Sn∗,t) + vt.
The results are essentially the same as those presented in Table II
with the clustering at the year level. As another type of concern is
26. Baker and Hall (2004), by calibrating an incentive model where all CEOs
have the same talent and obtain a high salary because of their risk aversion, infer a
“production function” for effort Sηe, where e is effort, and η is in the range 0.4–0.6.
Their findingmight be construed as contradicting our finding of an impact of talent
CT Sγ , with γ = 1. Fortunately, all those findings are consistent, as explained in
Edmans, Gabaix, and Landier (2007), where amodel with γ = 1 predicts the Baker
and Hall (2004) finding.
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that the heteroscedasticity of residuals might affect the estimates
of e and f , we apply the procedure recommended by Santos Silva
and Tenreyro (2006), which is a form of maximum likelihood esti-
mation and find, again, extremely close results.
Evaluating the Impact of Corporate Governance. As corpo-
rate governance has been identified as a potential explanation for
excessive CEO pay (Bebchuk and Fried 2004, Chapter 6), in one
of our specifications, we also control for the Gompers, Ishii, and
Metrick (“GIM” 2003) governance index, which measures at the
firm level the quality of corporate governance. A high GIM index
means poor corporate governance. We report the results in Table
II, columns (3) and (7).
The coefficient of 0.022 on the GIM index, combined with
the standard deviation of that index of 2.6, means that a two-
standard-deviation deterioration in the quality of corporate gov-
ernance implies a 11.4% increase in CEO compensation. Poor gov-
ernance does increase CEO pay, but the effect is small compared to
the dramatic rise in pay. Of course, the GIM index is a noisy mea-
sure of corporate governance, so our results should be interpreted
with the caveat that they suffer from attenuation bias. Still, we
were surprised by the small impact of the measured quality of
corporate governance on CEO pay.27
A possible interpretation of the skimming view is that during
periods of high stock-market performance (at the firm level or at
the aggregate level), managers can extract higher rents in badly
governed firms (for example, due to a lower outrage constraint of
small investors). To test this hypothesis, we construct for each firm
the stock market return of the firm during year t − 1 and inter-
act it with the Gompers–Ishii–Metrick index of governance.28 We
then perform the panel regressions of Table II, controlling for the
firm’s stock market return and its interaction with governance.
The interaction term shows up small and insignificant. Of course,
this negative result might be due to the noise in our proxy for
governance. We performed the same analysis using the interac-
tion with the value-weighted stock return of the top 1,000 largest
firms during year t − 1, as the investors’ outrage constraintmay be
determined by their overall recent financial performance rather
than the performance of a single firm. Here again, we find no
27. Section V.B theorizes another way corporate governance might matter.
28. To save space here, we tabulate the results in the online Appendix to this
paper on our Web pages.
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significant result. In conclusion, we were unable to find evidence
for the hypothesis that it is easier for a CEO to extract rents from
a badly governed firm after a strong stock-market performance.
To be compatible with both the time-series and cross-sectional
patterns of CEO compensation, the “skimming” view of CEO pay
would have to generate equation (14). No such model of skimming
has been written so far. In particular, a simple technology where
CEO rents are a fraction of firm cash flows (wit = φSit) would
not explain the empirical evidence, as it would counterfactually
generate the same elasticity of pay to size in the time series and
the cross section.
III.C. Time-Series Evidence for the United States, 1971–2004
Our theory predicts that the average CEO compensation (in a
group of top firms) should change in proportion to the average size
of firms in that group, to the power γ . The prior section concluded
that theU.S. 1992–2004 panel evidence was consistent with γ = 1,
that is, the benchmark of constant returns to scale in the CEO
production function. Due to the lack of panel data before 1992
(the earliest date for the ExecuComp database), we can only rely
on aggregate time series prior to that date.
The Data. To evaluate the changes in CEO pay, we use two
different indices. The first one (JMW compensation index) is based
on the data of Jensen, Murphy, and Wruck (2004). Their sample
runs from 1970 onward and is based on all CEOs included in
the S&P 500, using data from Forbes and ExecuComp. CEO total
pay includes cash pay, restricted stock, payouts from long-term
pay programs, and the value of stock options granted, using Ex-
ecuComp’s modified Black–Scholes approach for years later than
1991. Though very useful, this data set has some shortcomings.
It does not include pensions; total pay prior to 1978 excludes op-
tion grants; total pay between 1978 and 1991 is computed using
the amounts realized from exercising stock options, rather than
grant-date values.
Our second compensation index (FS compensation index) is
based on the data from Frydman and Saks (2005). It reflects
solely the ex ante value of compensation rather than its ex post
realization. The FS compensation index sums cash compensa-
tion, bonuses, and the ex ante value (Black–Scholes value at date
granted) of the indirect compensation, such as options. However,
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this data set includes fewer companies and is not restricted to
CEOs. The data are based on the three highest-paid officers in
the largest 50 firms in 1940, 1960, and 1990, a sample selection
that is useful for making data collection manageable but may in-
troduce some bias, as the criterion is forward-looking. The size
data for year t are based on the closing price of the previous fiscal
year, as this is when compensation is set. In addition, we wish
to avoid any mechanical link between increased performance and
increased compensation. Like the Jensen, Murphy, and Wruck
index, the Frydman–Saks index does not include pensions.
The correlation of the mean asset value of the largest 500
companies in Compustat is 0.93 with the FS compensation in-
dex and 0.97 with the JMW compensation index. Apart from the
years 1978–1991 for the JMW compensation index, there is no
clear mechanical relation that produces the rather striking simi-
lar evolution of firm sizes observed in Figure I, as the indices re-
flect ex ante values of compensation at time granted (not realized
values).
The Rise in CEO Pay. In the United States, between 1980
and 2003, the average firm market value of the largest 500 firms
(debt plus equity) has increased (in real terms) by a factor of
6 (i.e., a 500% increase), as documented in Appendix I.29 As-
suming that other parameters have not changed during that
period, our model predicts that CEO pay should increase by a
factor of 6γ . Under the benchmark of constant returns to scale
(γ = 1), which is microeconomically motivated and empirically
validated by the panel evidence of the prior section, one would
therefore expect a sixfold rise of CEO compensation, very much
in line with the observed rise described by the two CEO pay in-
dices. The economic message is then simple if one accepts the
benchmark of constant returns to scale and firm sizes proxied
by market values. Between 1980 and 2003, the size of firms has
increased by 500%, so under constant returns to scale CEO “pro-
ductivity” has increased by 500%, which made total pay increase
by 500%.
We do not want to claim, however, that this proposed ex-
planation is the only plausible one. It is mostly a particularly
29. Appendix I details the variety of estimates. The average measured rise in
firm value is 540%. This increase in firm values results from the combination of
an increase in earnings and price-earnings ratios: earnings have increased by a
factor of 2.5 during that period.
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FIGURE I
Executive Compensation and Market Capitalization of the Top 500 Firms
Notes. FS compensation index is based on Frydman and Saks (2005). Total
Compensation is the sum of salaries, bonuses, long-term incentive payments, and
the Black–Scholes value of options granted. The data are based on the three
highest-paid officers in the largest 50 firms in 1940, 1960, and 1990. The JMW
Compensation Index is based on the data of Jensen, Murphy, and Wruck (2004).
Their sample encompasses all CEOs included in the S&P 500, using data from
Forbes and ExecuComp. CEO total pay includes cash pay, restricted stock, pay-
outs from long-term pay programs, and the value of stock options granted from
1992 onward using ExecuComp’s modified Black–Scholes approach. Compensa-
tion prior to 1978 excludes option grants and is computed between 1978 and 1991
using the amounts realized from exercising stock options. Size data for year t are
based on the closing price of the previous fiscal year. The firm size variable is
the mean of the largest 500 firm asset market values in Compustat (the market
value of equity plus the book value of debt). The formula we use is mktcap =
(data199*abs(data25)+data6-data60-data74). To ease comparison, the indices are
normalized to be equal to 1 in 1980. Quantities were first converted into constant
dollars using the Bureau of Economic Analysis GDP deflator.
parsimonious explanation, one that fits the main facts without
appealing to shifts in unobserved variables. Section V.E presents
other possible explanations.
A Time-Series Estimate of γ . Another way to look at the ques-
tion is to reestimate γ from the 1970–2003 time-series evidence
and test whether the constant-returns-to-scale hypothesis (γ = 1)
is rejected. We need some assumptions. Assume that the distribu-
tion of talent for the top, say, 1,000 CEOs has remained the same
(so that D(n∗) has remained constant). Then a simple consistent
estimate of γ is offered by looking at the respective increase in
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compensation levels and firm values from the beginning to the
end of our time series, and fitting w(n∗) = D(n∗)S(n∗)γ :
(20) γ̂ = ln
(
w2004
w1970
)/
ln
(
S2003
S1969
)
.
This yields estimates γ̂ = 1.17 using the Jensen,Murphy, and
Wruck index of compensation and γ̂ = 0.85 using the Frydman–
Saks index of compensation. The Jensen, Murphy, and Wruck
rises more than the Frydman–Saks index (hence yields a higher
γ̂ ) in part because before 1978 it excludes stock options, while
it includes them after 1978. Again, both indices are imperfect. If
we form a composite index, equal to the geometric mean of the
two indices, we find γ̂ = 1.01. All in all, the results are consistent
with the economically motivated hypothesis of constant returns
to scale in the CEO production function, γ = 1.
To use more formal econometrics, we estimate γ by the fol-
lowing regression, for the years 1970–2003:30
(21) 
t(lnwt) = γ̂ × 
t ln St−1.
The error term in this regression might be autocorrelated. We
therefore show Newey–West standard errors, allowing the error
terms to be autocorrelated up to two lags (results are robust to
changing the number of lags). The results are reported in Table III
and are consistent with γ = 1, constant returns to scale in the
CEO production function.31
We conclude that the model, unadorned, is reasonably suc-
cessful in the post-1970 era. We next turn to the pre-1970 evi-
dence.
The Pre-1970 Evidence. Before 1970, there is onemain source
of data—a recent working paper by Frydman and Saks (2005).
30. Procedure (20) is preferable in many ways, as it measures the “long run”
γ . It is more agnostic about the timing of adjustment of wages to market capital-
ization than procedure (21), which measures a “short term” γ . The two turn out to
be close in our estimation, but in general, they need not be, and the “long term γ ”
estimate (20) better captures the spirit of the underlying economics.
31. Adding lags in (21) does not change the conclusion. Regressing 
t(lnwt) =∑L
k=1γ̂k × 
t ln St−k with L = 2 or 3 lags, the additional γ̂k (k > 1) are not signifi-
cant, and Wald tests cannot reject the null hypothesis that
∑L
k=1γk = 1.
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TABLE III
CEO PAY AND THE SIZE OF LARGE FIRMS, 1970–2003

 ln (Compensation)
Jensen–Murphy–Wruck index Frydman–Saks index

 ln Market 1.14 0.87
(0.28) (0.30)
Constant 0.002 0.001
(0.032) (0.033)
Observations 34 34
Adj. R2 0.29 0.18
Explanation. We estimate for t  1971

t(lnwt) = γ̂ × 
t ln S∗,t−1,
which gives a consistent estimate of γ . We show Newey–West standard errors in parentheses, allowing the
error term to be autocorrelated for up to two lags. The Jensen, Murphy, and Wruck index is based on the data
of Jensen, Murphy, and Wruck (2004). Their sample encompasses all CEOs included in the S&P 500, using
data from Forbes and ExecuComp. CEO total pay includes cash pay, restricted stock, payouts from long-term
pay programs, and the value of stock options granted, using after 1991 ExecuComp’s modified Black–Scholes
approach. Compensation prior to 1978 excludes option grants and is computed between 1978 and 1991 using
the amounts realized from exercising stock options. The Frydman–Saks index is based on Frydman and Saks
(2005). Total compensation is the sum of salaries, bonuses, long-term incentive payments, and the Black–
Scholes value of options granted. The data are based on the three highest-paid officers in the largest 50 firms
in 1940, 1960, and 1990. Size data for year t are based on the closing price of the previous fiscal year. The
firm size variable is the mean of the biggest 500 firm asset market values in Compustat (the market value
of equity plus the book value of debt). The formula we use is mktcap=(data199*abs(data25)+data6-data60-
data74). Quantities are deflated using the Bureau of Economic Analysis GDP deflator. Standard errors are in
parentheses.
(Lewellen [1968] covers the period 1940–1963.) Frydman andSaks
find essentially no change in the level of CEO compensation dur-
ing 1936–1970. In the context of our model, assuming no change
in talent supply and no distortions, that would mean a γ indistin-
guishable from 0.32 The flatness of executive compensation during
this period is a “new puzzle” raised by Frydman and Saks (2005)
that would require a specific study.
Without attempting a resolution of the puzzle, we list a few
possibilities. One possible factor might lie on the supply side of
the CEO market. Perhaps more people accumulated the skills
necessary to become CEOs, thereby putting a downward pressure
32. Ongoing updates of the Frydman–Saks paper are making this character-
ization more precise. Also, the ratio of the median wage to the median firm value
is not constant (as in the simplest version of our theory) in their data. Instead,
normalizing to 1 in 1936, it goes to 0.4 in the 1950s–1960s, and then is back to
around 0.7 in 2000 (Frydman and Saks 2005, Figure 2). In the simplest version of
our theory (constant distribution of talent at the top, assumption that the Fryd-
man Saks sample is representative of the universe of top firms), the ratio would
remain constant and equal to 1.
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on CEO pay. In the present paper, we work out how much an
increase in talent depresses CEO wages (Section V.D), but we do
not propose a way to measure empirically the supply of talent. An-
other possibility would be that social norms or institutions such
as unions might have put a downward pressure on CEO pay. The
analytics of Section V.B might be useful to analyze that effect.
Also, γ might be less than 1 in the 1970s era at least, and per-
haps changes in technology have made possible a higher value
of γ since the 1970s (Garicano and Rossi-Hansberg [2006] and
Kaplan and Rauh [2006] give evidence consistent with such a
technological change). Similarly, C might have decreased during
1936–1970, a view perhaps reflected by the vignettes of the routine
activities of the “organization man.” In the above four possibili-
ties, the economy would still be described by the model, except
that additional factors should be added (labor supply, distortion
in compensation of the type modeled in Section V.B, nonconstant
returns to scale). Another possibility is that the U.S. CEO mar-
ket before 1970 was more like the contemporary Japanese CEO
market. Companies would groom their CEOs in-house and not
poach them from other firms. Hence, this labor market would
just not be described well by our model.33 We conclude that our
frictionless benchmark model does not apply unamended to the
pre-1970 sample and leave the search for a fuller model to future
research.
III.D. Cross-Country Evidence
In most countries, public disclosure of executive compen-
sation is either nonexistent or much less complete than in
the United States. This makes the collection of an interna-
tional data set on CEO compensation a highly difficult and
country-specific endeavor. For instance, Kaplan (1994) collects
firm-level information on director compensation, using official
filings of large Japanese companies at the beginning of the
1980s, and Nakazato, Ramseyer, and Rasmusen (2006) also study
Japan with tax data, finding that, holding firm size constant,
Japanese CEOs earn one-third of the pay of U.S. CEOs. This
section presents our attempt to examine the theory’s predictions
internationally.
33. Frydman (2005) provides suggestive evidence for that view, noting that the
increase inMBAs and greater mobility within a firm point to a growing importance
of general skills. See also Murphy and Zabojnik (2004).
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FIGURE II
CEO Compensation versus Firm Size across Countries
Notes. Compensation data are from Towers Perrin (2002). They represent the
total dollar value of base salary, bonuses, and long-term compensation of the CEO
of “a company incorporated in the indicated country with $500 million in annual
sales.” Firm size is the 2000 median net income of a country’s top 50 firms in
Compustat Global.
We rely on a survey released by Towers Perrin (2002), a
leading executive compensation consulting company. This survey
provides levels of CEO pay across countries, for a typical company
with $500 million of sales in 2001. The data are of lesser quality
than normal academic work, so all the results in the section should
be simply taken as indicative. To obtain information on the char-
acteristics of a typical firm within a country, we use Compustat
Global data for 2000. We compute the median net income (data32)
of the top 50 firms, which gives us a proxy for the country-specific
reference firm size. We choose net income as a measure of firm
size, because market capitalization is absent from the Compustat
Global data set. We choose 50 firms because requiring a markedly
higher number of firms would lead us to drop too many countries
from the sample. We convert these local currency values to dollars
using the average exchange rate in 2001.
We then regress the log of the country CEO compensation
(heading a company of a fixed size) on the log of country i’s
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TABLE IV
CEO PAY AND TYPICAL FIRM SIZE ACROSS COUNTRIES
ln(Total compensation)
(1) (2) (3) (4)
ln(median net income) 0.38 0.41 0.36 0.36
(0.10) (0.098) (0.096) (0.12)
ln(pop) −0.16
(0.092)
ln(gdp/capita) 0.12
(0.067)
“Social norm” −0.018
(0.012)
Observations 17 17 17 17
R2 0.48 0.57 0.58 0.52
Explanation. OLS estimates, standard errors in parentheses. Compensation information comes from
Towers and Perrin data for 2000. We regress the log of CEO total compensation before tax in 1996 on
the log of a country specific firm size measure. The firm size measure is based on 2001 Compustat Global
data. We use the mean size of top 50 firms in each country, where size is proxied as net income (data32). The
compensation variable is into U.S. dollars, and the size data are converted in U.S. dollars using the Compustat
Global Currency data. The social norm variable is based on the World Value Survey’s E035 question in wave
2000, which gives the mean country sentiment toward the statement, “We need larger income differences as
incentives for individual effort.” Its standard deviation is 10.4.
reference firm size and other controls:34
(22) lnwi = c + η ln Sn∗,i.
The identifying assumption we make is that CEO labor mar-
kets are not fully integrated across countries. This assumption
seems reasonable across all the countries included in the Tow-
ers Perrin data, except Belgium, which is fairly integrated with
France and the Netherlands. We therefore exclude Belgium from
our analysis.35 The market for CEOs has become more interna-
tionally integrated in recent years (for example, the English-born
Howard Stringer is now the CEO of the Japanese company Sony,
after a career in the United States). However, if it were fully inte-
grated, we should find no effect of regional reference firm size in
our regressions.
The regression results are reported in Table IV. Column (1)
shows that the variation in typical firm size explains about half of
the variance in CEO compensation across countries. The results
34. Section V.D indicates that equation (22) should hold after controlling for
population size.
35. In our basic regression (22), if we include Belgium, the coefficient remains
significant (η = 0.21, t = 2.14), albeit lower.
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are robust to controlling for population (column (2)) and GDP per
capita (column (3)).
The third point of Corollary 1 indicates the theory’s predic-
tion. Controlling for the distribution of CEO talent, CEO pay
should scale as S(n∗)β/α; that is, we should find an exponent
η = 0.66. The average empirical exponent is 0.38, which would
calibrate β/α = 0.38. This result could be due to forces omitted by
our theory but also to biases in the measurement or sample se-
lection in CEO pay (in poor countries, firms in the Towers Perrin
sample might be willing to pay their CEO a lot, perhaps because
of their high C, which biases the estimate of η downward), to noise
in the measure of firm size (because of data limitations, we use
firm income rather than firm market value), and to the lack of
adequate control for the distribution of CEO talent.36 The upshot
is that more research, with better data, is called for. At least, we
provide a theoretical benchmark for CEO compensation across
countries. A large amount of the variation in CEO compensation
across countries remains unexplained and country specificities
may sometimes dominate the mechanism highlighted in our pa-
per. For example, in Japan, despite a very important rise of firm
values during the 1980s, there is no evidence that CEO pay has
gone up by a similarly high fraction. It might be, for example,
that in hiring CEOs, Japanese boards rely much more on inter-
nal labor markets than their U.S. counterparts, making our model
inappropriate for the study of that country.
One might be concerned that variations in family ownership
across countries might be largely responsible for cross-country
differences in CEO pay. We therefore ran regressions controlling
for the variable “Family” from La Porta, Lopez-de-Silanes, and
Shleifer (1999), which measures the fraction of firms for which “a
person is the controlling shareholder” for the largest 20 firms in
each country at the end of 1995. The variable is defined for 13 of
our sample of 17 countries. It has no significant predictive power
on CEO income and does not affect the level and significance of
our firm size proxy.
We also try to control for social norms, as societal tolerance for
inequality is often proposed as an explanation for international
36. Suppose that talent is endogenous. In countries with larger firms, the
supply of talent will increase, lowering the price of talent and dampening the effect
of the reference firm size on aggregate CEO pay. This means that, in the long run,
and when talent is endogenous, we expect a coefficient η < 2/3 in regression (22).
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salary differences. Our social norm variable is based on the World
Value Survey’s E035 question in wave 2000, which gives the mean
country sentiment toward the statement, “We need larger income
differences as incentives for individual effort.” We find that this
variable does not explain cross-country variation in CEO compen-
sation. It comes with a small, insignificant coefficient and, fur-
thermore, with the wrong sign (Table VI, column (4)). This may
indicate that social norms are not very important for CEO wage
or, more conservatively, that the World Value Survey variable is
too imperfect a diagnostic for that social norm.37
IV. A CALIBRATION, AND THE VERY SMALL DISPERSION
OF CEO TALENT
IV.A. Calibration of α, β, γ
We propose a calibration of the model. We intend it to rep-
resent a useful step toward the long-run goal of calibratable cor-
porate finance and for the macroeconomics of the top of the wage
distribution.
The empirical evidence and the theory on Zipf ’s law for firm
size suggests α  1 (Ijiri and Simon 1977; Gabaix 1999; Axtell
2001; Fujiwara et al. 2004; Gabaix and Ioannides 2004; Gabaix
2006; Luttmer 2007). However, existing evidence measures firm
size by employees or assets but not total firm value (debt+equity).
We therefore estimate α for the market value of large firms.
It is well established that Compustat suffers from a retrospec-
tive bias before 1978 (e.g., Kothari, Shanken and Sloan [1995]).
Many companies present in the data set prior to 1978 were, in
reality, included after 1978. We therefore study the years 1978–
2004. For each year, we calculate the total market firm value,
that is, the sum of the firm’s debt and equity; we define the total
firm value as (data199*abs(data25)+data6-data60-data74). We
rank firms in descending order according to their total firm value
(debt + equity). We study the best Pareto fit for the top n = 500
firms. We estimate the exponent α for each year by two meth-
ods: the Hill estimator, αHill = (n− 1)−1∑n−1i=1 ln S(i) − ln S(n), and
OLS regression, where the estimate is the regression coefficient
of ln(S) = −αOLS ln(Rank−1/2)+constant. Gabaix and Ibragimov
37. Jasso and Meyersson Milgrom (2006) study experimentally opinions of
the “fair” CEO wage amongst MBA students in the United States and Sweden and
find broad agreement between the two countries.
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FIGURE III
Size Distribution of the Top 500 Firms in 2004
Note. In 2004, we take the top 500 firms by total firm value (debt + equity),
order them by size, S(1) ≥ S(2) ≥ · · · ≥ S(500), and plot ln S on the horizontal axis
and ln(Rank − 1/2) on the vertical axis. Gabaix and Ibragimov (2006) recommend
the−1/2 term and show that it removes the leading small sample bias. Regressing
ln(Rank−1/2) = −ζOLS ln(S)+ constant yields ζOLS = 1.01 (standard error 0.063),
R2 = 0.99. The ζ  1 is indicative of an approximate Zipf ’s law for market values
and leads to α = 1/ζ  1 in the calibration.
(2006) show that the −1/2 term is optimal and removes a small
sample bias. Figure III illustrates the log–log plot for 2004. The
mean and cross-year standard deviations are, respectively, αHill
1.095 (standard deviation 0.063) and αOLS 0.869 (standard devia-
tion 0.071). These results are consistent with the α  1 found for
other measures of firm size, an approximate Zipf ’s law.
The time-series evidence of Sections III.B and III.C suggests
that CEO impact is linear in firm size:
γ  1.
The evidence on the pay to firm-size elasticity (see the ref-
erences around equation (17) and our estimates from Table II)
suggests that w ∼ S1/3, which by equation (14) implies
β  2/3.
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FIGURE IV
Shape of the Distribution of CEO Talent Inferred from the Calibration
Note. The calibration indicates that there is an upper bound Tmax on the
distribution of talent and that around Tmax the density f (T ) is proportional to
(Tmax − T )1/2.
A value β > 0 implies that the talent distribution has an up-
per bound Tmax, and that, in the upper tail, talent follows (up to a
slowly varying function of Tmax − T )
(23) P(T > t) = B′(Tmax − t)1/β for t close to Tmax.
With β = 2/3, this means that the density, left of the upper bound
Tmax, is f (T ) = (3B/2)(Tmax − T )1/2 for t close to Tmax, a distribu-
tion illustrated in Figure IV.
It would be interesting to compare this “square root” distri-
bution of (expected) talent to the distributions of more directly ob-
servable talents, such as professional athletes’ ability. Even more
interesting would be to endogenize the distribution T of talent
perhaps as the outcome of a screening process or another random
growth process.
IV.B. The Magnitude of CEO Talent
We next calibrate the impact of CEO talent. We index firms by
rank, the largest firm having rank n = 1. Formally, if there are N
firms, the fraction of firms larger than S(n) is n/N: P(S˜ > S(n)) =
n/N. The reference firm is the median firm in the universe of the
top 500 firms. Its rank is n∗ = 250.
The sample year is 2004. The median compensation amongst
the top 500 best-paid CEOs is w∗ = $8.34 × 106 where, as else-
where, the numbers are expressed in constant 2000 dollars us-
ing as a price index the GDP deflator constructed by the Bu-
reau of Economic Analysis. The market capitalization of firm
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n∗ = 250 in 2003 is S(n∗) = $25.0 × 109. Proposition 2 gives w∗ =
S(n∗)γ BCn
β
∗/(αγ − β), so BC = (αγ − β) w∗n−β∗ /S(n∗)γ = 2.8 ×
10−6.38 In the years 1992–2004, BC is quite stable, with a mean
of 3.10 × 10−6 and a standard deviation 0.44 × 10−6.
With our model, we can ask for the market’s estimate of the
impact of CEO talent in a large firm. We follow the footsteps of
Tervio (2003), who analyzes the economic impact of CEO talent by
backing out the unobserved talent differences of top CEOs with
an assignment model that takes CEO pay levels and firm market
capitalizations as the data.39
To evaluate the differences in talent, we do the following
thought experiment. Suppose that firm number 250 could, at no
extra salary cost, replace its CEO (executive number 250) for a
year by the best CEO in the economy (executive number 1). How
much would its market capitalization increase? The model says
that it would increase by the following fraction:40
(24) (αγ/β − 1) (1 − n−β∗ ) w∗S(n∗) .
38. Proposition 3 indicates that w(n) = Aγ BCn−αγ+β/(αγ − β), which means
that if there are different Ci ’s, the correct procedure to estimate C is to take
firm size number n in the universe of all firms (which yields an estimate of A via
S(n) = An−α), and salary number n in the universe of all CEO pay.
39. He uses counterfactual distributions of talent as a benchmark against
which to compare the value of existing CEO talent. For instance, he asks what
would be the loss in total economic surplus (CEO pay plus shareholder income) if
the talent of all top 1,000 CEOs shrunk to the talent of CEO number 1,000. In his
calibration, which uses data from the largest 1,000 firms in 1999, the surpluswould
be lower by $25 to $37 billion (Tervio 2003, p. 30). By comparison, actual CEO
earnings were $5 billion. Tervio also finds that the difference in surplus generated
by the best and the 1,000th best CEO at the 500th firmwould be about $10million.
Tervio’s results rely on a semi-parametric estimation procedure, whereas, thanks
to our structural approach, we obtain transparent closed forms.
40. Given equation (4), firm value would increase by C(T (1) − T (n∗))S(n∗)γ
dollars. Hence, it would increase by the following percentage:

V
V
= 1
S(n∗)
· C(T (1) − T (n∗))S(n∗)γ = −CS(n∗)γ−1
∫ n∗
1
T ′(n)dn
= CS(n∗)γ−1
∫ n∗
1
Bnβ−1dn
= S(n∗)γ−1 BC
β
(nβ∗ − 1) = S(n∗)γ−1(αγ/β − 1)(1 − n−β∗ ) w∗S(n∗)γ
= (αγ/β − 1)(1 − n−β∗ ) w∗S(n∗) .
This result allows us to know the global size of impact based simply on a
median wage and a median firm size, rather than the semiparametric estimations
of Tervio, which use the whole distribution of wages and firm sizes.
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Plugging in the numerical values mentioned above, the last
number is 0.016%. This number means that if firm number 250
could, at no extra salary cost, replace its CEO for a year with the
best CEO in the economy, its market capitalization would go up by
only 0.016%.
This is arguably a minuscule difference in talent. CEOs are
no supermen or women, just slightly more talented people who
manage huge stakes a bit better than the rest and, in the logic
of the competitive equilibrium, are still paid hugely more. In-
deed, if Zipf ’s law holds exactly, this talent difference implies that
the pay of CEO number 1 exceeds that of CEO number 250 by
(250)1−β/α − 1 = 2501/3 − 1 = 530%. Substantial firm size leads to
the economics of superstars, translating small differences in abil-
ity into very large differences in pay. We obtain a calibrated ver-
sion of Rosen’s (1981) economics of superstars.41
The above conclusion is very robust economically. In equi-
librium, firm 250 (with its market capitalization of $25 billion)
does not want to replace its current CEO with a better CEO, who
is paid, say, $25 million more. This means that the better CEO
would not increase the market capitalization of the firm by more
than 0.1%. Indeed, if the CEO could increase the market capi-
talization of the firm by over 0.1%, hiring him would be worth
over $25 billion× 0.1%=$25 million. As the firm does not want to
hire him, the CEO impact has to be less than 0.1%. To make that
reasoning, one does not need to assume any particular channel
(temporary or permanent) or functional form for CEO impact.
Such a small measured difference in talent might be due to
the difficulties of inferring talent. Here, talent is the market’s
estimate of the CEO’s talent, given noisy signals such as past
performance. The distribution of true, unobserved talent is surely
greater.42
It would be interesting to fit this evidence in with a bur-
geoning literature which tries to directly measure the impact of
managers on performance. Palia (2000) finds that better educated
41. The result is broadly consistent with Tervio (2003). Note that Tervio does
not formulate his results in “percentage” impact of talent on firm value, but rather
computes what the total dollar surplus impact is.
42. Thus far, we have focused on our benchmark where the CEO’s impact is
permanent. In the “temporary impact” interpretation, where the CEO affects earn-
ings for just one year, one multiplies the estimate of talent by the price-earnings
ratio. Taking an empirical price-earnings ratio of 15, replacing CEOnumber 250 by
CEO number 1 increases earnings by 15 × 0.016% = 0.284%. However, indepen-
dent of the channel via temporary or permanent increase in earnings, the increase
in market capitalization remains 0.016%.
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managers go to higher stakes (unregulated) firms. Bertrand and
Schoar (2003) find a large heterogeneity in styles and in outcomes.
Pe´rez-Gonza´lez (2006) and Bennedsen et al. (2007) find that when
a firm is managed by an offspring of the founder (rather than a
competitively chosen CEO), the company does worse. Bloom and
Van Reenen (2007), studying a sample of medium-sized firms,
find a large dispersion of talent. This may be because the CEOs of
medium-sized firms are subject to smaller competitive pressure,
either from the outside market, or from their own principals (par-
ticularly for family firms). It may also be because, mechanically,
there is less dispersion in talent at the top of the distribution than
in the middle of the distribution.
V. EXTENSIONS OF THE THEORY
We generalize our benchmark model to incorporate several
real world dimensions, particularly contagion effects.
V.A. Heterogeneity in Sensitivity to Talent across Firms
We start with a more abstract result, which is necessary
for the rest of the analysis. The impact of CEO talent might
vary substantially with firm characteristics, even for a given
firm size. For example, the value of young high-tech companies
might be more sensitive to CEO talent than the value of a ma-
ture company of similar size. We therefore extend the model to
the case where C differs across firms. Firm i solves the problem
maxT S
γ
i CiT − W(T ), where Ci measures the board’s perception
(rational or irrational) of the strength of a CEO impact in firm i.
Hence the problem is exactly that of Section II, if applied to a firm
whose “effective” size is Ŝi = C1/γi Si. We assume that CEO impact
Ci and the size Si are drawn independently. This is a relatively
mild assumption, as a size-dependence of the CEO impact could
already be captured by the γ factor. We can now formulate the
analogue of Proposition 2.
PROPOSITION 3 (Level of CEO Pay in Market Equilibrium when
Firms Have Different Sensitivities to CEO Talent). Call n∗ a
reference index of talent. In equilibrium, the manager of rank
n runs a firm whose “effective size” C1/γ S is ranked n and is
paid
(25) w = D (n∗) (C1/γ S(n∗))β/α(C1/γ S)γ−β/α,
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where D(n∗) = −n∗T ′(n∗)/(αγ − β), S(n∗) is the size of the ref-
erence firm and C is the following average over the firms’
sensitivity to CEO talent, C˜:
(26) C = E[C˜1/(αγ )]αγ .
In particular, the reference compensation (compensation of
manager n∗) is
(27) w (n∗) = D (n∗)CS(n∗)γ ,
where S(n∗) is the size of the n∗th largest firm.
Proof. We need to calculate the analogue of (7) for the effec-
tive sizes Ŝi = C1/γi Si. For convenience, we set n to be the upper
quantile, so that the n associated with a firm of size s satisfies
n = P(S˜ > s). The same reasoning holds if n is simply propor-
tional to the upper quantile, for instance is the rank. Then, by (7),
n = P(S > s) = A1/αs−1/α. In terms of effective sizes, we obtain
n = P(Ŝ > s) = P(C1/γ S > s) = P(S > s/C1/γ )
= E[P(S > s/C1/γ | C)] = E[A1/α(s/C1/γ )−1/α]
= A1/α E[C1/αγ ]s−1/α.
Hence, the effective size at upper quantile n is Ŝ(n) = Ân−α with
Â = AE[C1/αγ ]α = AC1/γ . The rest is as in the proof of Proposition
2. In equilibrium, the nth most talented manager heads the firm
with the nth highest effective size Ŝ(n) = Ân−α. Equation (13)
applies to effective sizes, so manager n earns
w(n) = (Âγ B)n−(αγ−β)/(αγ − β),
which can be rewritten as (25). Finally, manager n∗ is paid
w(n∗) = Â
γ B
αγ − β n
−(αγ−β)
∗ =
Bn−β∗
αγ − β C(An
−α
∗ )
γ = D(n∗)CS(n∗)γ .
In the proposition above, the n∗th most talented manager
will typically not head the n∗th largest firm (which has an id-
iosyncraticC), but equation (27) holds nonetheless. Equippedwith
Proposition 3, we now turn to contagion effects.
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V.B. Contagion Effects in CEO Pay
If a Fraction of Firms Want to Pay More than the Other Firms,
How Much Does the Compensation of All CEOs Increase? To in-
vestigate “contagion,” we do the following thought experiment.
Suppose that a fraction f of firms want to pay λ as much as the
other firms of similar size. What happens to compensation in equi-
librium?43 The answer is the following.
PROPOSITION 4. Suppose that a fraction f of firms want to pay
their CEO λ times as much as similar-sized firms. Then the
pay of all CEOs is multiplied by , with:
 =
[
f
(
(1 − f ) λ
1 − λ f
)1/(αγ−β)
+ 1 − f
]αγ
(28)
= 1 + fαγ (λ1/(αγ−β) − 1)+ O( f 2) for f → 0.(29)
Proof. We call type 0 the regular firms, and C0 their C, and C1
the “effective C” (using the language of Section V.A) of the fraction
f of “deviating” firms who want to pay λ as much as comparable
firms. We assume that those firms are chosen independent of firm
size. As in equilibrium, the CEO pay in those deviating firms is
w ∝ (C1/γ1 S)κ , with κ = γ − β/α. So a willingness to pay λ as much
as the similar-sized competitorsmeans thatCκ/γ1 = λ( f Cκ/γ1 + (1 −
f )Cκ/γ0 ), as a fraction f of firms pay an amount proportional to
Cκ/γ1 , whereas a fraction 1 − f pays an amount proportional to
Cκ/γ0 . It follows that C1 = ((1 − f )λ/(1 − λ f ))γ /κC0. We need λ f <
1; otherwise there is no equilibrium with finite salaries. By (26),
the effective C is given by
C/C0 =
[
f
(
(1 − f ) λ
1 − λ f
)1/(ακ)
+ 1 − f
]αγ
and wages change by the ratio C/C0.
To evaluate (28), we use the baseline values given by the
model’s calibration, α = γ = 1 and β = 2/3. Taking a fraction of
firms f = 0.1, λ = 2 gives  = 2.03, and λ = 1/2 gives  = 0.91,
which shows the following result. If 10% of firms want to pay
their CEO only half as much as their competitors, then the com-
pensation of all CEOs decreases by 9%. However, if 10% of firms
43. We thank Jeremy Stein for asking us this question.
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want to pay their CEO twice as much as their competitors, then the
compensation of all CEOs doubles.
The reason for this large and asymmetric contagion effect
is that a willingness to pay λ as much as the other firms has
an impact on the market equilibrium multiplied by λ1/(αγ−β) =
λ3, which is convex and steeply increasing in the domain of pay
raises, λ > 1. Given that the magnitudes are potentially large, it
would be good to investigate them empirically, which would allow
a quantitative exploration of a view articulated by Shleifer (2004)
that competition in some cases exacerbates rather than corrects
the impact of anomalous or unethical behavior (see also Gabaix
and Laibson [2006] for a related point). The rest of this section
studies related forms of contagion. To simplify the notations, we
consider the case γ = 1.
Competition from a New Sector. Suppose that a new “fund
management” sector emerges and competes for the same pool of
managerial talent as the “corporate sector.” For simplicity, say
that the distribution of funds and firms is the same. The relative
size of the new sector is given by the fraction π of fund per firm.
We assume that talent affects a fund exactly as in equation (2),
with a common C. The aggregate demand for talent is therefore
multiplied by (1 + π ). The pay of a given talent is multiplied by
(1 + π ). If a given firm wants to hold onto its CEO, is has to mul-
tiply its pay by (1 + π ), whereas if it agrees to hire a lesser CEO,
the pay of that CEO will still be higher by (1 + π )β/α. Hence it is
plausible that increases in the demand for talent, due to the rise
of new sectors (such as venture capital and money management),
might have exerted substantial upward pressure on CEO pay.
Misperception of the Cost of Compensation. Hall and Murphy
(2003) and Jensen, Murphy, and Wruck (2004) have persuasively
argued that at least some boards incorrectly perceived stock op-
tions to be inexpensive because options create no accounting
charge and require no cash outlay. To evaluate the impact of this
misperception on compensation, consider if a firm believes that
pay costs w/M rather than w, where M > 1 measures the misper-
ception of the cost of compensation. Hence equation (4) for firm i
becomes maxm CS
γ
i T (m) − w(m)/Mi, that is, maxm CMi Sγi T (m) −
w(m). Thus, if the firm’s willingness to pay is multiplied by Mi, the
effective C is now C ′i = CMi. The analysis of Section V.A applies. If
all firms underestimate the cost of compensation by λ = M, total
compensation increases by λ. Even a “rational” firm that does not
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underestimate compensation will increase its pay by λβ/α if it is
willing to change CEOs and by λ if it wishes to retain its CEO.
Hence, other firms’ misperceptions affect a rational firm to a large
degree.
V.C. Executives below the CEO
Highly talented managers may occupy positions other than
the CEO role. For example, a division manager at General Elec-
tric might have a managerial talent index comparable to the
CEO of a relatively large company. It is therefore natural to
generalize the model to the top H executives of each firm. For
that purpose, we consider the following extension of equation
(1): a1/a0 = 1 +
∑H
h=1 ChTh. The hth ranked executive improves
firm productivity by his talent Th and a sensitivity Ch, with
C1 ≥ · · · ≥ CH . There are no complementarities between the tal-
ents of the various managers in our simple benchmark. However,
in equilibrium, there will be positive assortativematching, as very
good managers work together in large firms, and less good man-
agers work together in smaller firms.
A firm of size S wants to hire H executives with talent
(Th)h=1...H to maximize its net earnings:
(30) max
T1,...,TH
H∑
h=1
Sγ × Ch × Th −
H∑
h=1
W(Th).
These are, in fact, H independent simple optimization
problems, maxTh S
γ × Ch × Th − W(Th), for h = 1, . . . , H. In
other words, each firm S can be considered a collection of
“single-manager” firms with effective sizes (S × C1/γh )h=1...H to
which Proposition 3 can be applied. The next proposition describes
the equilibrium outcome.
PROPOSITION 5 (Extension of Proposition 2 to the Top H Execu-
tives). In the model where the Top H Executives increase firm
value, according to the first term of (30), the compensation of
the hth executive in firm i is, with D(n∗) = −n∗T ′(n∗)/(αγ − β),
(31) wi,h = D (n∗)
(
H−1
H∑
k=1
C1/(αγ )k
)β
S(n∗)β/αS
γ−β/α
i C
1−β/(αγ )
h .
90 QUARTERLY JOURNAL OF ECONOMICS
Proof. The proof is simple, given Proposition 3. As per equa-
tion (30), each firm behaves as H independent firms, with effective
size Sih = C1/γh Si, h = 1, . . . , H. The average impact factor (26) is
now C = (H−1∑Hk=1 C1/αγk )αγ . So
w (n) = D(n∗)
(
C
1/γ
S(n∗)
)β/α(C1/γh Si)γ−β/α
= D (n∗)
(
H−1
H∑
k=1
C1/αγk
)β
S(n∗)β/αS (n)γ−β/α C
1−β/αγ
h
and the hth executive in firm i earns (31).
In a given firm i, the ratio between the CEO’s pay and that
of the hth executive is wi1/wih = (Ci1/Cih)1−β/αγ . The ratio of the
wages is not the ratios of the “impacts” C (which are close to the
productivities) but the ratio of the impact to the power 1/3 (for
α = γ = 1, β = 2/3). The intuition is that a job with a Ch 8 times
lower than the top job C1 (when γ = 1) corresponds to managing
a “subfirm” eight times smaller and hence, by Roberts’s law, cor-
responds to a wage (81/3 =) 2 times smaller. Frydman (2005) finds
a growing within-firm inequality at the top. Proposition 5, would
attribute it to an increase in C1/Ch, perhaps because the CEO can
affect more of the firm without having to go through intermedi-
aries, a view supported by Garicano and Rossi-Hansberg (2006)
and Rajan and Wulf (2006).
V.D. Supply of Talent, Country Size, and the Population
Pass-Through
How does Proposition 2 change when the population size
varies? To answer the question, it is useful to distinguish be-
tween the total population, which we denote P, and the effec-
tive population from which CEOs of the top firms are drawn,
Ne. One benchmark is that the top CEOs are drawn from the
whole population without preliminary sorting, that is, Ne = P.
Another polar benchmark is that the talent distribution in
the, say, top 1,000 firms is independent of country size. Then
Ne = a for some constant a.44 It is convenient to unify those
44. This is the case, for instance, if managers have been selected in two steps.
First, potential CEOs have to have served in one of the top five positions at one of
the top 10,000 firms. This creates the initial pool of 50,000 potential managers for
the top 1,000 firms. Then, their new talent is drawn. This way, the effective pool
from which the top 1,000 CEOs are drawn is simply a fixed number, here 50,000.
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two examples and define the “population pass-through” π ∈ [0,1]
thus: when the underlying population is P, the effective num-
ber of potential CEOs that top firms consider is Ne = aPπ for
some a. Assume further that the talents of the Ne are drawn
from a distribution independent of country size. Then, Propo-
sition 2 holds, except that the constant D(n∗) can be written:
D(n∗) = a−βbCnβ∗ P−βπ/(αγ − β). Most importantly, the prefactor
D(n∗) in equation (14) now scales like the population to the
power −βπ .45
The second regression in Table IV provides a way to esti-
mate π , bearing in mind that international data are of poor
quality. The regression coefficient of CEO compensation on log
population should be −βπ . We find a regression coefficient of
−βπ = −0.16 (s.e. 0.091), which, with β = 2/3, yields π = 0.24
(s.e. 0.14). We are unable to reject π = 0, and it seems likely
that π is less than 1. A dynamic extension of the model is
necessary to study further this issue, in particular to under-
stand the link between P and Ne, and we leave this to further
research.
V.E. Revisiting the Rise in CEO Pay since the 1970s
So far, we have highlighted one explanation for the rise in
CEO pay: γ = 1 and a sixfold rise in market capitalization of
large firms. The above “contagion” effects suggest two alterna-
tive hybrid explanations of the rise in CEO pay since the 1970s.
First, the “temporary CEO impact” interpretation may be bet-
ter (despite the results from Table I), so that earnings or income
are a better proxy for firm size. The increase of that measure of
firm size explains one-half of the change in CEO pay between
1980 and 2003. Second, rising overpayment in a small set of firms
plus general-equilibrium contagion effectswould explain the other
half. A variant would assume that γ is less than 1, so that the
45. The proof is, thus, if Ne candidate CEOs are drawn from a distribution
with countercumulative distribution F, such that 1/ f (F
−1
(x)) = bxβ−1, the talent
of CEO number n is T (n) = F−1(n/Ne), and
−T ′(n) = 1/[Ne f (F−1(n/Ne))] = b( nNe )
β−1 1
Ne
= Bnβ−1
with B = bN−βe = a−βbP−βπ , so that D(n∗) = BCnβ∗ /(αγ − β) = a−βbCnβ∗ P−βπ /
(αγ − β).
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rise in firm size should have translated into a less than one-for-
one rise in CEO pay. But a rising overpayment by other firms or
competition from other sectors (e.g., the money management in-
dustry) would have exacerbated the rise in CEO pay, whereas the
likely increase in the supply of talent has surely depressed CEO
wages.
We view these alternative explanations as very defensible.
After all, the benchmark explanation with γ = 1 does not fit, un-
adorned, with the pre-1970 evidence, nor with Japan. We note
that these alternative explanations rely on a rising “contagion”
effect, that is, are multiplying pay by 2, and a rise in contagion
is so far unmeasured. We leave to future research the important
challenge of evaluating them empirically to find a way to identify
contagion as well as talent supply.
V.F. Discussion: Some Open Research Questions
Because our goal was to have a competitive benchmark for
the CEO market, we systematically abstracted from any imper-
fection ormarket inefficiency. This leavesmany avenues for future
research.
Our model for the discovery of talent is rudimentary. Obtain-
ing a dynamic model of talent supply, accumulation, and infer-
ence that is still compatible with Roberts’s law is high on the
agenda. The task is not trivial, as simple models based on Gaus-
sian signal extraction would predict a Gaussian distribution of
imputed talent, hence β = 0, whereas our calibrating required
β  2/3. Roberts’s law constrains the set of admissible theories of
talent.
It would be good to extend our model to lead to calibrat-
able predictions about executive turnover. It is conceivable that
the rise in firm-level volatility (Campbell et al. 2001) leads to
a rise in CEO turnover, as documented by Kaplan and Minton
(2006).
It is easy to generalize the model to other superstar markets.
S can be the size of the various forums in which superstars can
perform. The same universal functional form for excellence, (8),
applies, and the decision problem remains similar. There are now
detailed studies of the talent markets for bank CEOs (Barro and
Barro 1990), lawyers (Garicano and Hubbard 2005), software pro-
grammers (Andersson et al. 2006), music stars (Krueger 2005),
and movie stars (de Vany 2004). It would be interesting to apply
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the analytics of the present paper to these markets, measure the
parameters, and see how much top pay in these markets is re-
lated to sizes of the stakes: size of banks, lawsuit awards, show
revenues, wealth of patients who seek to increase their probabil-
ity of surviving a surgical procedure by choosing a very talented
surgeon, or even value of ideas (see Kortum [1997] and Jones
[2005]).
It would be good to investigate theoretically and empirically
how the exponents linking pay to size might vary across time
and space. In societies that believe that human talents are more
homogenous (perhaps Japan), the distribution of inferred tal-
ent, T , will be tighter, β will be lower, and own-firm size elas-
ticity of pay will be smaller. Of course, strong social norms (not
modeled here) could weaken the link between pay and funda-
mentals. Finally, if talent markets were segmented by industry,
a regression such as (18) would be misspecified because the “ref-
erence firm size” should be industry-specific, which would lead
to an attenuation bias in the coefficient on the reference firm
size.
Finally, in the past twenty years, inequality at the top has in-
creased in the United States (Piketty and Saez 2003; Dew-Becker
and Gordon 2005; Autor, Katz, and Kearney 2006; Kaplan and
Rauh 2006). Perhaps this has to do with an increase in the scales
under the direction of top talents, itself perhaps made possible
by greater ease of communication (Garicano and Rossi-Hansberg
2006), more valuable assets (as in the present paper), or some
other factors. This paper’s analytics might be useful for thinking
about these issues.
VI. CONCLUSION
We provide a simple, analytically solvable and calibratable
competitive model of CEO compensation. From a theoretical point
of view, its main contribution is to present closed-form expressions
for the equilibrium CEO pay (equation (14)), by drawing from ex-
treme value theory (equation (8)) to get amicrofounded hypothesis
for spacings between talents. The model can thereby explain the
link between CEO pay and firm size across time, across firms,
and across countries. Empirically, the model seems to be able to
explain the recent rise in CEO pay as an equilibrium outcome of
the substantial growth in firm size. Our model differs from other
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explanations that rely on managerial rent extraction, greater
power in the managerial labor market, or increased incentive-
based compensation. The model can be generalized to the top
executives within a firm and extended to analyze the impact of
outside opportunities for CEO talent (such as the money man-
agement industry) and the impact of misperception of the cost of
options on the average compensation. Finally, the model allows
us to propose a calibration of various quantities of interest in cor-
porate finance and macroeconomics, such as the dispersion and
impact of CEO talent.
Extreme value theory is a very suitable and tractable tool
for studying the economics of superstars (Rosen 1981), and the
realization of that connection in the present paper should lead to
further progress in the analytical calibrated study of other “su-
perstars” markets.
APPENDIX I: INCREASE IN FIRM SIZE BETWEEN 1980 AND 2003
Table A.1 documents the increase, in ratios, of mean and me-
dian value and earnings of the largest n firms of the Compustat
universe (n = 100, 500, 1,000) between 1980 and 2003, as ranked
by firm value. All quantities are real, using the GDP deflator. We
measure firm value as the sum of equitymarket value at the end of
the fiscal year and proxy the debt market value by its book value
as reported in Compustat. Earnings are measured as earnings
before interest and taxes (EBIT), that is, as the value of a firm’s
earnings before taxes and interest payments (data13-data14). For
instance, the median EBIT of the top 100 firms was 2.7 times
greater in 2003 than it was in 1980. As a comparison, between
1980 and 2003, U.S. GDP increased by 100%.
TABLE A.1
INCREASE IN FIRM SIZE BETWEEN 1980 AND 2003
Firm value Operating income
Median Mean Median Mean
Top 100 630% 720% 190% 170%
Top 500 400% 600% 140% 150%
Top 1,000 360% 570% 130% 150%
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APPENDIX II: COMPLEMENTS ON EXTREME VALUE THEORY
Proof of Proposition 1. The first step for the proof was to
observe (10). The expression for f (F
−1
(x)) is easy to obtain, for
example, from the first Lemma of Appendix B of Gabaix, Laibson,
and Li (2005), which itself comes straightforwardly from stan-
dard facts in extreme value theory. For completeness, we trans-
pose the arguments in Gabaix, Laibson, and Li (2005). Call
t = F−1(x), j(x) = 1/ f (F−1(x)); then
xj ′(x)/j(x) = −x d
dx
ln f (F
−1
(x)) = −x f
′(F
−1
(x))
f (F
−1
(x))
d
dx
F
−1
(x)
= x f ′(F−1(x))/[ f (F−1(x))]2 = F(t) f ′(t)/ f (t)2
= −(F/ f )′(t) − 1,
so limx→0 xj ′(x)/j(x) = limt→M −(F/ f )′(t) − 1 = β − 1. Because of
Resnick (1987, Prop. 0.7.a, p. 21 and Prop. 1.18, p. 66), that implies
that j has regular variation with index β − 1, so that (11) holds.46
The inequalities come from the basic characterization of a slowly
varying function (Resnick 1987, Chapter 0).
To illustrate Proposition 1, we can give a few examples.
For ξ > 0, the prototype is a Pareto distribution: F(t) = kt−1/ξ .
Thus T (x) = (k/x)ξ . L(x) is a constant, L(x) = ξkξ . For ξ < 0,
the prototypical example is a power law distribution with finite
support: F(t) = k(M − t)−1/ξ , for t < M < ∞. A uniform distribu-
tion has ξ = −1, L(x) = −ξkξ , a constant. The exponential distri-
bution: (F(t) = e−(t−t0)/k, k > 0) has tail exponent ξ = 0, T ′(x) =
−k/x, and L(x) = k, a constant. A Gaussian distribution of talent
(T˜ ∼ N(µ, σ 2)) has tail exponent ξ = 0. With φ and , respec-
tively, the density and the cumulative of a standard Gaussian,
T (x) = µ + σ−1(x), −T ′(x) = σ/φ(−1(x)), and T ′(x) = −x−1L(x)
with L(x) ∼ σ/
√
2 ln(1/x). Figure A.1 shows the fit of the extreme
value approximation.
The language of extreme value theory allows us to state the
following proposition, which is the general version of equation
(13).
46. One can check that the result makes sense in the following way: If j(x) =
Bx−ξ−1, for some constant B, then limx→0 xj ′(x)/j(x) = −ξ − 1.
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FIGURE A.1
Illustration of the Quality of the Extreme Value Theory Approximation for the
Spacings in the Talent Distribution
Note. x is the upper quantile of talent (only a fraction x of managers have
a talent higher than T (x)). Talents are drawn from a standard Gaussian. The
figure plots the exact value of the spacings of talents, T ′(x), and the extreme
value approximation (Proposition 1), T ′(x) = Bxβ−1, with β = 0 (the tail index of
a Gaussian distribution); B makes the two curves intersect at x = 0.05.
PROPOSITION 6. Assume αγ > β. In the domain of top tal-
ents (n small enough), the pay of CEO number n is
w(n) = Aγ BCn−(αγ−β)L(n)/(αγ − β), with L(n) a slowly varying
function.
Proof. This comes from Proposition 1 and equation (6) and
standard results on the integration of functions with regular vari-
ations (Resnick 1987, Chapter 0).
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